This study examines the effect on labour market outcomes, of computer possession at home using longitudinal data collected in Japan. There are positive correlations between computer possession and women's full-time employment and the salaries of both men and women. In a fixed effects analysis, however, no temporal, causal effects of computer possession on labour market outcomes were found. Overall, the results suggest that the positive correlation between computer possession and better labour market outcomes does not imply causality among workers strongly attached to the labour market. JEL Classification Code: J31
Introduction
Motivated by recent discussion on the "digital divide," this paper examines the effect of computer possession at home on labour market outcomes. The recent, rapid penetration of computers into people's daily lives has sparked public interest regarding the consequences of computer usage on people's economic success. Among those who view these consequences positively, IT is called the dynamo of the "New Economy"; according to a recent growth account study in the USA, 1/3 of the growth in national income during the 1990s is explained by IT-related investment (Jorgenson (2001) ). At the same time, some social critics point to the positive correlation between computer possession at home and household income and claim that this is the dark side of IT penetration (see Figure 1 ). They view this finding as evidence of a digital divide and express concern that the progress of IT penetration might separate the population into two groups-"the haves" and "the have nots." Reflecting this concern, a recent piece of legislation in Japan, the so-called IT law, requires the government to ensure equal access to IT throughout its population (Koudo Joho Tsushin Network Shakai Keisei Kihon Ho (the IT law), Article 8). Here, lawmakers and social critics implicitly attribute a causal effect between computer possession at home and the subsequent labour market outcomes of workers who have mastered computer skills because they own computers. In this sense, lawmakers and social critics treat computers at home as investments that enhance human capital accumulation and, accordingly, future job market opportunities. In other words, they claim that having access to a computer or the Internet causes better future job market opportunities. However, economists and lawmakers should avoid making causal statements based on this observed correlation, since it is also probable that workers with unobserved characteristics that positively affect labour market outcomes tend to have computers. For example, those who accommodate changes well may work efficiently and, at the same time, own computers as consumption goods. In this case, there is no causal relationship between computer possession at home and current or subsequent labour market outcomes. If this is the case, there is little reason for the government to intervene in the market to ensure equal access to IT. Thus, determining the causal effect of computer possession on household income is crucial in order to derive policy recommendations, especially regarding governmental policy that seeks to assure equal access to IT.
To examine the causal effect of computer possession on various labour market outcomes, this study uses a recently published longitudinal data set of Japanese young women, the Japanese Panel Survey on Consumers (JPSC). In previous studies conducted in the USA, it has been generally difficult to identify such a causal effect in a credible manner because current population survey computer supplements, which are cross-sectional data, have been used to study the effect. To deal with the endogeneity of computer use or possession, the researcher must have an exogenous variation that affects computer use or possession but does not affect labour market outcomes; it is usually very difficult to find such an exogenous variation, however. The issue of endogeneity is more effectively addressed with panel data because such data make it possible to control the effect of unobserved, individual characteristics. With just a few exceptions of data sets that have been used for European studies (Bell (1996) , Entorf, Gollac, and Kramarz (1999) ), Haisken-DeNew and Schmidt (1999) and Anger and Schwarze (2003) , individual-level, panel data with computer possession are rarely available, and this data constraint has made the credible study of the computer effect difficult. The JPSC is a rare panel data set that contains information on the possession of computers at home. However, despite the attractive panel feature of the data set, the JPSC has several drawbacks for studying the computer effect on labour market outcomes. First, we can only focus on the labour market outcomes for young women and their husbands, namely (i) young women's labour force participation, (ii) their earnings, and (iii) their husbands' earnings. However, how computers at home affect young women's labour market outcomes is crucial, since some argue that computers at home enable women to work while they stay home to take care of household responsibilities. Second, computer use at work is not available in this data set. Thus, the return to computer use at work cannot be estimated in this study. However, as discussed in the following literature review, most previous studies have interpreted the return to computer use at work as the return to computer skills or the skills to process information; thus what matters here is the return to these skills, rather than computer use itself.
Although many studies have examined the return to these skills, surprisingly few studies have examined how the skills are formed. Possessing a computer at home may be an important way to acquire computer skills, and therefore it is important to estimate the return to computer possession at home. In addition, by examining the causal relationship between home computer ownership and labour market outcomes, only the return to computer skills that is general across firms can be captured. If we examine the relationship between computer usage at work and earnings, we cannot disentangle the general and firm-specific aspects of computer skills. Even when computer ownership at home complements the firm-specific skills of computer usage among current workers, we can capture the effect of general computer skills on labour market outcomes by focusing on labour-force participation decisions among workers who are not currently employed. Disentangling the general and specific aspects of computer skills is important from both theoretical and policy perspectives, in particular, to determine who will pay for computer training and what public policy can do when workers experience liquidity constraints. Moreover, the discussion on the digital divide focuses on computer possession at home rather than computer use at work; consequently, the return to computer possession is important in its own right.
The rest of this paper is organized as follows. The next section reviews the literature on the effect of computers or new technology on labour market outcomes. The third and fourth sections describe the empirical strategy and data, respectively. The fifth section presents the results of the estimation, and the last section offers concluding remarks.
Literature review
Widely observed earnings dispersials during the 1980s and 1990s in the USA and Western Europe stimulated an investigation into their cause. Among several possible explanations, skill-biased technological progress, represented by computerization, has been identified as a major cause of earnings dispersion (Katz, 2002) . There are two strategies for identifying the effect of computerization on earnings inequality: (i) estimate how computerization changes the relative demand for skilled workers compared with unskilled workers, and (ii) estimate the return to computer skills by estimating wage regression, using individual data.
The first strategy regresses the relative demand for skilled workers in an industry or establishment on their computerization. In this analysis, the relative demand is typically represented by the wage-bill share of skilled workers in the total wage bill or the share of skilled workers in the total number of workers. An industry-level study by Autor, Katz, and Krueger (1998) showed that computerization had increased the relative demand for skilled workers in the USA over a 20-year period. Haskel and Heden (1999) found similar results for the UK through establishment-and industry-level analyses. However, an establishmentlevel study of the USA by Doms, Dunne, and Troske (1997) doubted its causality; although the researchers found that computerization had a positive effect on the relative demand for skilled workers in cross-sectional estimates, the effect disappeared in the first-difference estimation. Consequently, they suggested that establishments with highly skilled workers adopt high technology, rather than a causal relationship that moved from computerization to skill upgrading. This study, however, focused only on the manufacturing industry, and thus the conclusion is only suggestive. Panel data that cover a wide range of industries are needed to derive a definitive conclusion regarding the causal effect of computerization on the demand for skills.
The second strategy consists of the direct estimation of the wage regression with a computer-use dummy. The first study by Krueger (1993) , which used US cross-sectional data, found a 15 -20% computer premium in a wage regression with standard covariates, which the researcher interpreted as the return to computer skills. Reilly (1995) also found a 13% computer premium using Canadian cross-sectional data. These cross-sectional studies were criticized by DiNardo and Pischke (1997) , however. The latter insisted that cross-sectional estimates of the computer premium do not necessarily reflect the return to computer skills because they also found a premium for pencil use in Germany. Since writing is not a scarce skill in Germany, they speculated that the unobserved skill that is correlated with both computer use and pencil use had rendered a spurious premium in each case. Borghans and ter Weel (2003) implemented a similar study using 1997 UK cross-sectional data and obtained similar results. Thus, again, the main question is whether computer use causes skill acquisition or the possession of skills causes computer use. Chennells and Reenen (1997) attacked this endogeneity issue, using UK establishmentlevel, cross-sectional data and the IV Method, 1 where computer use was instrumented with industry-level technology availability proxied by the ratio of R&D expenditures per sales or the number of patents. Although they found the computer premium in an OLS estimation, the premium was not found in the IV estimation, and thus they concluded that the computer premium found in the OLS estimation was spurious. Panel data, another source typically used to work around the endogeneity problem, were used in several European studies. Bell (1996) analyzed British panel data (1981 and 1991) and found a computer premium in the OLS estimation. This computer premium was found even after controlling for individual heterogeneity through a first-difference estimation. However, Entorf, Gollac, and Kramarz (1999) found a 7% computer premium in an OLS estimation that disappeared in the first-difference estimation using French panel data (1991 and 1993) . Using the German Socio-economic Panel, Anger and Schwarze (2003) and HaiskenDeNew and Schmidt (1999) also found that the computer premium in the cross-sectional estimates virtually disappeared in the fixed-effects estimates. Although the difference in the results between Bell (1996) and the other studies may seem striking at first glance, the difference in the length of the panel period, in addition to the differences between the counties analyzed, may explain the dissimilarity of their findings. Considering skill acquisition over a 10-year period, the assumption of time-constant, unobserved skills employed by Bell (1996) might be too strong, and the violation of this assumption might make the first-difference estimator upwardly biased. In sum, wage regressions using US and Western
1
The model used in this method is more than simple IV estimation due to the non-linearity of the computer use equation; however, the issue of identification does not depend on the non-linearity of the functional form.
European data have found a computer premium in cross-sectional estimates; however, many studies have found that this computer premium is due to unobserved skills that increase both computer use and earnings.
Several notable studies have estimated the return to PC possession at home using Japanese cross-sectional data. Shimizu and Matsuura (1999) found a 20% premium on computer possession at home, using cross-sectional data from 1994. To deal with the endogeneity issue, they estimated a structural model in which income and computer possession were simultaneously determined. The consistency of the system estimator, however, depends on the validity of the exclusion condition; in their study the variables excluded from the wage equation were children's ages, school attendance and other variables. Since women were included in the sample, having small children, which is negatively correlated with computer possession, might also be negatively correlated with the error term in the wage equation. Furthermore, children's high school or college attendance, which was positively correlated with computer possession, might be positively correlated with error in the wage equation because the wage equation did not include educational attainment due to the data restriction; also, the educational attainments of parents and children tend to have a positive correlation. Based on the potential positive correlation of the error term in the wage equation and the variable excluded from the wage equation, it is reasonable to suspect an upward bias in the system estimator found in Shimizu and Matsuura (1999) . Shimizu and Matsuura (2000) again found a 20% wage premium on computer possession using other cross-sectional data from 1999, as well as a similar structural estimation. In this study, the excluded variables from the wage equation were computer use at work, which was positively correlated with computer possession at home, and other variables. Since the positive effect of computer use at work on wages is rather obvious based on evidence from the USA and Western Europe, it is fair to say that the estimate was upwardly biased. Given those tenuous, excluded variable assumptions in the system estimations, the OLS estimate of a 7.4% premium, which appeared in Shimizu (1999) based on the same data used by Shimizu and Matsuura (2000) , should be understood as the upper bound estimate of the premium. Kohara and Ohtake (2001) examined the effect of computer use at work on workers' wages, using the panel data of workers who had experienced job change in the Osaka prefecture. They found around a 6% (with a standard error of about 3%) computer premium in the OLS estimation; however, the estimated coefficient was as small as 4.7%, with standard error of 2.6% in the fixed-effects estimation. They concluded that part of the computer premium in the OLS estimation was due to unobserved heterogeneity, such as the ability to adopt new technology.
Empirical model
This section discusses the empirical strategy used to identify the effect of possessing computers at home on labour market outcomes. Although various outcomes are considered, the same econometric strategy is used consistently. As outcomes, young women's full-and part-time labour force participation, their salary and hourly rates of pay, and their husbands' salaries are considered. In the model, possessing a computer is assumed to help computer skill accumulation and, accordingly, enhance positive labour market outcomes. The labour market outcomes are assumed to be a function of skills:
where y it is the labour market outcome of individual i at time t, is computer skills, and is other human capital. The computer skills are accumulated through computer possession at home and other opportunities to use computers: (2) where pc it is the dummy variable for PC possession at home and train it is other opportunities to acquire computer skills. Assuming only the current possession of a PC at home affects current computer skills (i.e.
) and applying a first-order linear approximation, the labour market outcomes are specified as:
where i and t index the individual and time respectively, y is labour market outcomes, pc is the dummy variable that takes one if the individual possesses a computer at home, x is the vector of variables that affects labour market outcomes, c is individual, unobserved heterogeneity, and e is the idiosyncratic error term. If two conditions, E(c i | pc i , x i ) = 0, and
, are satisfied, then the pooled OLS estimator and the OLS estimator for each cross-section are unbiased estimators. There are two issues related to this estimation. First, although the outcome is a binary variable in the case of the employment equation, the linear probability model is employed here because of its simplicity in dealing with unobserved heterogeneity. Using the linear probability model is not restrictive because the purpose of this estimation is to recover the marginal effect of x on y evaluated at the sample mean of x, rather than recovering the conditional expectation of y on x over the whole region of x. In addition, the marginal effect of x on y evaluated at the sample mean based on non-linear models often coincides with the coefficient estimated through the linear probability model; that is the case for the data used in this study. Second, a sample selection issue arises when estimating the women's wage equation if we attempt to interpret the equation as the equation for wageoffer determination. Two conditions E(c i | pc i , x i , emp it = 1) = 0 and E(e it | pc i , x i , c i , emp it = 1) = 0, where emp it is the dummy variable that takes one if the individual i is employed, are sufficient conditions for identifying the wage-offer equation. These are strong assumptions considering women's endogenous labour-force participation decisions, but correcting for this possible sample selection bias requires an instrumental variable that affects women's labour force participation but not women's wage. It is very difficult to find such a variable in our data set, and thus I do not attempt to correct for possible sample selection bias. Thus, the results that follow should be interpreted with some caution.
Since opportunities to accumulate computer skills other than PC possession at home are included in e, pc and e are likely to be positively correlated, since those who possess a computer at home are more likely to have other opportunities to learn computer skills. However, if computer possession at home encourages those opportunities, the estimated coefficient α estimates the total or reduced effect of computer possession at home on labour market outcomes. If unobserved, individual characteristics, such as "high motivation" or the "skill to process information effectively," have a positive impact on labour market outcomes and are positively correlated with computer possession at home, then the first assumption E(c i | pc i , x i ) = 0 is violated, and the pooled OLS estimator is an upwardly biased estimator. This possible upward bias can be avoided by estimating the first-difference model: 
The first-difference estimator is an unbiased estimator if E(e it | pc i , x i , c i ) = 0. Again, if PC possession at home and other opportunities to accumulate computer skills are positively correlated, this assumption is violated; however, if PC possession induces those other opportunities, the estimated α is an unbiased estimator of the total effect. If the current idiosyncratic shock to labour market outcomes is positively correlated with the current possession of computers, then the OLS estimator of α is still upwardly biased, since ∆pc it and ∆ e it are positively correlated. This estimator, however, is useful for "tightening" the upper bound of α.
The measurement error in pc, however, causes serious bias in the first-difference estimator; the latter is more tenuous than the OLS estimator when there is measurement error in the independent variable.
2 Interviewees may miscount the number of computers at home, and the tendency to miscount may not be consistent over time. In this situation, ∆pc is measured with error and the first-difference estimator of α is seriously biased, since the variation in ∆pc may mainly consist of the variation in reporting error. The direction of bias cannot be determined a priori, since the measurement error cannot be classical in this situation. Suppose the recoded ∆pc consists of true variation and measurement error, such as: (5) where is true variation in PC possession and v it is the measurement error. Since ∆pc it can take values,
. Similarly v it = 1, 0 or −1 if and v it = 2, 1 or 0 if . Obviously, the measurement error and the true variation are negatively correlated, and the usual discussion for classical measurement error does not hold. Since ∆pc and ∆pc* can have opposite signs, the measurement error is not a usual "regression to their mean" style. Therefore, we cannot determine the direction of the bias a priori.
Fortunately, the survey also recorded the number of PCs purchased during the previous year. The difference between the stock variable, ∆pc, and the dummy variable that indicates whether an individual had purchased more than one computer are positively correlated, although those two variables do not exactly match, due to the scrapping or transfer of computers or simply because of measurement error. Using this property, the inconsistency caused by measurement error in pc can be corrected by estimating the model, which is obtained by substituting (5) for (4):
where ∆pc it is instrumented with the dummy variable that takes one if the individual has bought one or more PCs in the previous year, which is denoted as ippc. As mentioned in Black, Berger, and Scott (2000) , when the true variation of computer possession, ∆pc*, is negatively correlated with the measurement error, v, the probability limit of the IV estimator of α is the upper bound of the true parameter α because the instrument ippc is positively correlated with the error term (∆e it − αv it ) through the negative correlation between ippc and v it . 3 Thus, if the IV estimate of α is virtually zero, then it implies 2 See Griliches and Hausman (1986) for a general discussion and Freeman (1984) for the specific case in which the independent variable is dichotomous.
3
Notice that ippc and ∆pc* are positively correlated.
that computer possession does not change labour market outcomes in a causal sense.
The other concern is the lagged effect of PC possession on labour market outcomes. Acquiring computer skills may take time, and the effect of computer possession at home may affect labour market outcomes with a time lag. The lagged effect is specified as
The following first-difference model is estimated to deal with unobserved heterogeneity:
Since ∆pc it−1 is not available because the number of computers at home is not available for the 1994 survey, ippc it−1 , available from the 1995 survey, is used in place of ∆pc it−1 . To check the robustness of the result, the other specification in which ∆pc it is also replaced with ippc it is estimated.
Data
The empirical analysis employs the third (1995) and fourth (1996) waves of the Japanese Panel Survey on Consumers (JPSC). Kakei Keizai Kenkyu-sho (The Research Institute of Household Economy) has conducted the survey since 1993 for women between the ages of 24 and 34 at the time of the survey. These individuals are national representatives of this demographic group due to the two-step, clustering, random sampling method that is designed to achieve equal probability sampling. The original sample consisted of 1500 individuals, and those individuals are interviewed annually. The sample size was reduced to 1342 in 1995 and 1298 in 1996 due to attrition. The number of computers possessed by individuals (for single women) or married couples (for married women), which is available for the third and fourth wave, is used as the main independent variable in the following analysis. As labour market outcomes, whether the respondent was employed or not, full-time employed or part-time, monthly salary and the hourly rate of pay were extracted. The distinction between full-and part-time employment is based on the information supplied by respondent's. The monthly salary is recorded for monthly and weekly paid workers, and the hourly rate of pay is recorded for hourly paid workers. The survey asks married women their husband's monthly earnings, and this variable is also used as a labour market outcome in the present study. To control for workers' backgrounds, variables usually included in the wage equation were extracted. The descriptive statistics for the sample appear in Table 1 . From the table, we can see that married, educated, full-time employed women with higher salaries were more likely to have computers. As we can see from Table 2 , 8.91% of the sample did not have a computer in 1995 but had one in 1996. At the same time, 2.03% of the sample did not have a computer in 1996 although they had one in 1995. These observations, consisting of 10.94% of the sample, identify the computer premium, α, in the first-difference estimation. Table 3 is the cross-tabulation of the change of the stock of PCs and the indicator of whether the respondent had purchased one or more PCs in the previous year. We can confirm a strong correlation between these two variables, and this assures that to correct for measurement error in PC possession the IV strategy is warranted. 
Notes:
Sample means are reported and standard deviations are in parentheses. The number of observations used to calculate statistics are in the square brackets under the statistics. Education variables are dummy variables that take one if the respondent's highest level of education completed falls into the category. Completion of junior high school is the omitted category. School miscellaneous takes one if the respondent graduated from a school that is not listed in the table, but not from junior high school. Employment statuses and actual labour market experiences are available for all observations, except for the cases of no response or invalid response. Actual labour market experience is constructed based on the question that asks respondent's job experience (measured in years and months) in the first survey in 1994 and for consecutive surveys, months in the labour market since the last survey is added. Full-time working statuses are available for all employed observations. Salaries are available for all observations that are employed and monthly or weekly paid workers, except for the cases of no response or invalid response. Hourly rate of pay is available for all observations that are employed and paid daily or hourly. Hours worked per day are not available for the 1995 and 1996 observations; thus average hours worked per day in 1993 are used to impute the hourly rate of pay for 1995 and 1996. US$1 = JP101.50YEN (the average of the inter-bank spot rate at Tokyo between January 1995 and December 1996). 
Results
The first labour market outcome considered is women's full-time employment. The results of the estimations appear in Table 4 . First, the result of a pooled OLS estimation, which appears in Column 1 of Table 4 , tells us that computer possession at home increases the probability of full-time employment by 7.3 percentage points (t = 2.92). Thus, the crosssectional estimate weakly exhibits the positive effect of computer possession on women's full-time employment. The estimates for the other independent variables are standard and there is no need for discussion. The positive effect of computer possession, however, disappears after controlling for correlated, unobserved heterogeneity through the first-difference estimation. (The result is reported in Column 2 of Table 4 .) This is evidence that the unobserved heterogeneity that encourages women's full-time employment is positively correlated with computer possession. We can speculate that a positive correlation between computer possession and full-time employment is observed in the cross-sectional estimates because of reverse causality: women's full-time employment due to unobserved heterogeneity causes computer possession at home through income effects. As Column 3 in Table  4 indicates, the result of the first-difference IV estimation essentially does not change after instrumenting computer possession (∆pc) with the dummy variable of computer purchase in the previous year (ippc). The coefficient for computer purchase is still not statistically different from zero, and this provides evidence that the first-difference results are not due to measurement error in pc. The OLS estimates with lagged effects appear in Column 4 of Table 4 . These results indicate that PC possession in the previous year increases the probability of full-time employment by about 10 percentage points. However, the firstdifference estimation results reported in Columns 5 and 6 show that the lagged effects are not statistically different from zero. To summarize the findings for full-time employment, a correlation between full-time employment and PC possession was found in the crosssectional estimates; however, the findings from the first-difference estimates indicate that the correlation was not due to a causality that moved from PC possession to full-time employment. Although the contemporaneous, causal effect of computer possession on full-time employment was not found, a lagged causal effect of computer possession on full-time employment was indicated; the effects were not statistically significant, however. Second, the effect of computer possession on part-time employment is examined using individuals who were full-time workers in neither 1995 nor 1996. The sample is restricted in this way because the effect of computer possession on the choice between part-time employment and staying home is the main interest. The assumptions (1) 
where full i is the dummy variable that takes one if individual i is a full-time worker, assure the lack of bias of the pooled OLS and the first-difference estimator respectively. The results of the estimations appear in Table 5 . The results of the pooled OLS, which appear in Column 1, indicate that possessing a computer negatively affects part-time employment. This somewhat surprising result is not sustained in the first-difference estimation, whose results appear in Column 2. These results imply that the unobserved factor that makes women work part-time is negatively correlated with computer possession. For example, a household's mortgage loan payment may increase the wife's part-time work to supplement household income, while reducing the probability of computer possession. The results that appear in Column 3 are not essentially different from the results in Column 2. Thus, the measurement error in pc does not drive the results for the first-difference estimation. The specifications with lagged effects reported in Columns 4 to 6 indicate that the lagged PC possession increases the probability of current, part-time employment by six to eight percentage points, but these positive coefficients are not statistically significant.
Third, the effect of computer possession on monthly salary is examined. The results in this analysis can be compared with the previous cross-sectional studies on the computer premium in Japan. The results of the estimations appear in Table 6 . As Column 1 indicates, the home-computer premium on salary is about 13.4% (t = 3.72), using the pooled OLS result. This number is larger than the 7.4% in Shimizu (1999) obtained from crosssectional OLS. The difference in estimates still may be in the range of sampling error, considering the relatively small sample size. The other interpretation for the difference would be a declining home-computer premium during the period. The sample period used in this study is 1995-96 and Shimizu (1999) used the data from 1999. However, 
Note:
The same note applies as in Table 4 .
the results are not sustained in the first-difference estimation, as shown in Column 2; the coefficient for computer possession is essentially zero. The findings of the pooled, OLS estimation and the first-difference estimation are hardly different when industry, occupation, and firm-size dummies are included in the regression (Columns 3 and 4). When ∆pc is instrumented with ippc to caliber the effect of the measurement error in 
The same note applies as in Table 4 . All specifications include region size and year dummies.
pc on the first-difference result, a negative coefficient of −0.129 (t = −1.79) is found (Column 5). 4 This somewhat surprising result shows that the possible measurement error in pc cannot explain the result obtained in the first-difference estimation. Neither of the lagged effects of computer possession on salary are found (Columns 6 and 7). To summarize 4 The IVFD estimator may be negatively biased because of the violation of the assumption E(∆e it | ∆ pc it , ∆ x it , ippc it ) = 0. If a positive earnings shock in the previous year causes a computer purchase in the current year, then e it−1 and ippc it are positively correlated, even after conditioning on ∆ pc it and ∆ x it , then Cov(∆e it , ippc it | ∆ pc it , ∆ x it ) < 0. 
The same note applies as in Table 6 . Tenure and its squared are not included in the specification due to a large number of observations with missing values.
the results, the pooled OLS estimation finds a cross-sectional correlation of computer possession and high salary; however, the correlation does not imply the causal effect of computer possession on salary. The results from the first-difference estimation instead may imply a reverse causality. A natural interpretation of this result would be that workers with a high salary due to unobserved heterogeneity tend to have a PC at home because a PC is a normal good. 
The same note applies as in Table 6 .
Fourth, the effect of computer possession on hourly rate of pay is examined using hourly or daily paid workers as a sample. The results of the estimations appear in Table 7 . In this specification, years of job tenure and its squared term are excluded because there are many observations for which years of tenure is missing. The difference of the results between the OLS and the first-difference estimates suggests a negative correlation between PC possession and unobserved heterogeneity. This negative correlation may seem odd at first glance, but not once we realize that the sample is hourly and daily paid workers; most of them are presumably supplementary earners in their households. Those women who have husbands with high incomes are more likely to have a PC at home and to work in a job with less intensity due to the income effect. No coefficients for computer possession or computer purchase are statistically significant, except for the lagged effects in the first-difference estimations reported in Columns 7 and 8. These results imply that lagged PC possession at home increases the hourly rate of pay by about 10% among hourly and daily paid workers once unobserved heterogeneity is controlled for. We cannot reject the null hypothesis that PC possession at home positively affects the wages of workers who are marginally attached to the labour market, such as hourly and daily paid workers.
Finally, the effect of computer possession on a husband's salary is examined. The analysis of a husband's labour force participation and hourly rate of pay are not conducted, since men without jobs or who work hourly/daily paid jobs are rare in this sample. The estimated effects of PC possession on husband's salary appear in Table 8 . The estimated results are similar to the results for women's salary: the estimated computer premium is 8.1% (t = 3.86) in the pooled OLS results, but essentially zero in the first-difference results. The possible measurement error in pc does not explain the first-difference results; in addition, the lagged effect was not found in the first-difference estimation. These results reinforce the previous conclusion that the positive correlation between PC possession and salary is due to the effect of having a higher salary on computer possession through the positive income effect.
Conclusion
This paper analyzed the effect of computer possession at home on several labour market outcomes, including women's full-time /part-time employment, women's salary/ hourly rate of pay, and husbands' salary. Cross-sectional analyses indicated that computer possession has a positive effect on women's full-time employment and the salaries of both sexes; however, those positive effects disappear after controlling for the individual heterogeneity that is allowed to be correlated with computer possession. This evidence implies that individuals with unobservable characteristics that result in positive labour market outcomes tend to possess computers at home. The positive correlation between income and computer possession may be observed because higher income causes computer possession, but not the other way around. This conclusion is consistent with many studies from European countries that have relied on panel data.
The conclusion of this study warrants skepticism about the causal effect of current computer possession at home on current labour market outcomes. However, some results do suggest the lagged effect of PC possession on women's full-and part-time employment and hourly and daily wage. No effects were found on women's salary and husbands' salary, even when lagged effects were allowed. If computer possession has any causal effects on labour market outcomes, they exist among the workers who are currently not attached or only marginally attached to the labour market. This is probably because having a PC at
